D2D communications in 5G mobile cellular networks : we propose and validate a novel approach to mobility management by Barua, Shouman
School of Electrical and Data Engineering
Faculty of Engineering and Information Technology
A Dissertation submitted in fulfilment of the
requirements for the degree of Doctor of Philosophy
D2D Communications in 5G Mobile
Cellular Networks







Professor of Telecommunications Engineering, School of Electrical and Data
Engineering.
Core Member, Global Big Data Technologiy Centre
University of Technology Sydney
Co-supervisor
Associate Professor Mehran Abolhasan
Deputy Head of School, School of Electrical and Data Engineering
Core Member, Global Big Data Technology Centre
University of Technology Sydney
To my lovely parents...
Declaration
To the best of my knowledge and belief this work was prepared without aid
from any other sources except where indicated. Any reference to material
previously published by any other person has been duly acknowledged.
Signature: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Place: University of Technology Sydney
Date: 6th July, 2018
Production Note:
Signature removed prior to publication.
Acknowledgements
This work would have never been finished without the help of many great
inspiring people around me.
Firstly, I would like to mention the most inspiring person of my PhD
period, my great supervisor Professor Robin Braun. I would like to express
my sincere gratitude to him. His scholastic guidance inspired me every
moment to get the work done on time. He was my excellent source of
motivation, encouragement and always made me go the extra mile even
when I was feeling upset. He guided me in resolving my problems with his
solid advice and extensive experience. His vast knowledge of mathematics,
simulation and wireless theory helped me to get the topic so quickly. I
learned many things from him apart from my research. I am again grateful
to him and thank him for everything he has done for me. His trust and
patience towards me will always be appreciated and acknowledged. I feel
lucky, and it has been my privilege to be able to have him as my supervisor.
I would like to thank my co-supervisor Associate Professor Mehran
Abolhasan for agreeing to supervise me and for supporting me throughout
the research period.
I would like to thank the Australian Government and the University
of Technology Sydney for selecting me for an Australian Post-Graduate
Award (APA) Scholarship. I was sincerely honored to have been selected as
a recipient of this prestigious scholarship
I was also pleased to have Dr Pakawat Pupatwibul as my research
colleague as well as my friend at all times. He inspired me to keep pace and
stay calm during the candidature confirmation and the later stages. Thank
you, Dr Pakawat, for your great support.
I would like to acknowledge the support of the Graduate Research
School (GRS), University of Technology Sydney throughout my UTS
doctoral studies and express sincere gratitude to the members of the Centre
of Real Time Information (CRIN) for all their support.
My sincere gratitude to the School of Electrical and Data Engineer-
ing and Faculty of Engineering and Information Technology for all kinds of
support with funding to travel locally and abroad to present my papers.
6I am genuinely indebted to the UTS CISCO course co-ordinator Max
Hendriks for giving me the scope to teach his course at UTS. Teaching
is always an exciting undertaking and I gained valuable experience by
teaching here.
I am grateful to all the people on Level Six of the Engineering Build-
ing for a lot of support, fun and memorable times. You are surely amazing
guys who made my early days easier.
I would like to thank my friends Ashis, junior Pantha, Emon, Afaz
and many others for their inspiration and co-operation at all times.
I would like to thank all my friends from school, college, the 01 EEE
batch of Chittagong University of Engineering and Technology, Bangladesh
and all the well-wishers from Germany during my Masters studies there.
Last but by no means the least, I would like to give credit to my
lovely parents and family for loving, inspiring and trusting me that I could
make this happen. It’s been a long time and thank you for encouraging me
at all times to attain the highest degree that one can achieve in life. Credit
also goes to my relatives and my great well-wisher, my maternal uncle Ajay
Kanti Barua and his family who give me and my family so much love and
support at all times.
Thank you once again to all of my well-wishers who always trust me
and love me beyond the limit.
Abstract
Fifth Generation (5G) stands for future fitness combined with flexible
technical solutions that combine with the latest wireless technology. 5G
is expected to multiply a thousand times (1000x) in data speed with 20.4
billion devices (IoT) connected to the network by 2020. This literally
means everything connecting to everything. From the network point
of view, lower latency along with high flexibility is not limited just to
5G. It is already being implemented in real networks. The number of
wireless devices connected to networks has increased remarkably over
the last couple of decades. Ubiquitous voice and data connections are
the fundamental requirements for the next generation of wireless technology.
Device-to-Device communication is widely known as D2D. It is a new
paradigm for cellular communication. It was initially proposed to boost
network performance. It is considered to be an integral part of the next
generation (5G) of telecommunications networks. It takes place when two
devices communicate directly without significant help from the base station.
In a cellular network, Device-to-Device communication has been viewed as
a promising technology overcoming many existing problems. These include
capacity, quality and scarce spectrum resources. However, this comes at
the price of increased interference and complex mobility issues, even though
it was proposed as a new paradigm to enhance network performance.
Nevertheless, it is still a challenge to manage devices that are moving.
Cellular devices without well-managed mobility are hardly acceptable. Con-
sidering in-band underlay D2D communication, a well-managed mobility
system in cellular communication should have lower latency, lower power
consumption and higher data rates. In this dissertation, we review existing
mobility management systems for LTE-Advanced technology and propose
an algorithm to be used over the current system so that lower signalling
overheads and less delay, along with uninterrupted D2D communication,
are guaranteed. We model and simulate our algorithm, comparing the
results with mathematical models based on Markov theory.
As in other similar communication systems, mobility management for
D2D communication is yet to be explored fully. There are few research
papers published so far. What we can say is that the intention of such
systems in cellular networks are to enable lower latency, lower power
consumption, less complexity and, last but not least, uninterrupted data
connections. Our simulation results validate our proposed model and
highlight D2D communication and its mobility issues.
8An essential element of our proposal is to estimate the user’s location.
We can say that a mobility management system for D2D communication
is hardly workable if the location of the users is not realisable. This
dissertation also shows some latest techniques for estimating the direction
of arrival (DOA) with mathematical models and simulation results. Smart
antenna systems are proposed. It is possible to determine the location of a
user by considering the uplink transmission system. Estimating the channel
and actual path delay is also an important task, which might be done by
using 1D uniform linear array (ULA) or 2D Uniform Rectangular (URA)
array antenna systems. In this chapter, 1D ULA is described utilising
some well-known techniques. The channel characteristics largely determine
the performance of an end-to-end communication system. It determines
the signal transformation while propagating through the channel between
receivers and transmitters. Accurate channel information is crucial for
both the transmitter and receiver ends to perform at their best. The
ultimate focus of this part is to estimate the channel based on 2D parameter
estimation. Uniform Rectangular Array (URA) is used to perform the 2D
parameter estimation. It is possible to estimate azimuth and elevation of a
source by using the URA model.
The problem of mobility in this context has been investigated in few
papers, with no reliable solutions as yet. We propose a unique algorithm
for mobility management for D2D communications. In this dissertation, we
highlight and explain the mobility model mathematically and analytically,
along with the a simulation of the Markovian model. A Markov model is
essentially a simplified approach to describing a system that occupies a
discrete state at any point in time. We also make a bridge between our
mobility algorithm and a Markovian model.
Research Structure
Figure 1: Stages and structure of the overall research
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